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[ Rollov’in;^  is  a  tranclation  of  tiie  article  ''Dia;ii'a;Taria- 
sostoyaniya  siaterny  Y-La'^  (English  version  above)  by 
Ye.  M.  Savitskiy,  Y.V.  Bai'-or;.,  arri  Yu.  P;.  Yefiraov-  it. 

Doklady  Instltuta  Metallurgii  inieni  A. A.  Baykova  (vlorks  of 
Ine  IiTstutute  of  Metrilai^y  4  .A  .  Baykova  j ,  No  ?ro~ 

auction  Metallurgy,  p'nysieai  Ketaliuui’gy,  and  Physicochenri- 
cal  Methods  of  Research,  Moscow,  i960,  pages  166-173 ]• 


Pure  metallic  vana'diatn  has  become  more  available 


rructurci*  of 


or  111 

1-  ’  f" 


vestigation  only  quite  recently,  so  that  the 
its  alloys  has  not  been  sufficiently  studied.  There  is  an- 
absolute  lack  of  data  on  the  physlcorriechaiiical  pi'’opertie£  ar 
the  chase  diagrarns  of  vanadivim  with  the  rare-earth  rnctals. 


Toe  prosef.t  work  was  undertaken  vuith  the  pux‘po.se  of  cov;- 
structing  a  phase  diagram  of  the  V-La  alloys.  For  this,  us- 
was  made  cf  inicrostructural,  thermal  and,  for  certain  alloy 
radiographic  analyses;  av,d  the  hardr;es;;;.,  raicro-haroness  ai.d, 
plasticity  urider  compre.SEion  of  23  alloys  of  vanadium  vjith 


iancnanum  viere  measi 


u  . 


riie  basic  materials  used  wore  carbothernial  vanadium 


(oq  vY 


y)  and  96.5/'i  pure  lanthanum. 


the  fo-llowiiTig  basic  admixtures; 
and  net  more  than  0.2^5  metallic  admixtures 
Fe,  heavy  mentals  (Pb,  Cd,  Bi,  Sn)  less  tha 


The  vaiwadlurn  contained 
0.25>i  C,  0.027;  N,  0.2283;  P 


The  alloys  were  inelted  ir; 


ciiJ  ax 


har 

ium  0.04 

10 

ly 

cerium  *• 

a 

non  ‘-covj 

su'r.afclo  tungsten  electrode  on  a  water-cooled  copper  bottom 
in  a  helium  atmosphere  (0.5  at)  after  evacuation  to  10  “b  ntin 
of  mercury  and  flushirig  of  the  furnace  with  helium.  Before 
f.ielting  each  alloy,  a  getter  of  titaniura  iodide  vms  raelted 


for  additional  ourif Icatiori  of  the  inert  ga 


Trie  charge 


onsisted  of  small  pieces  of  vanadi.urrh and  lanthauum. 


The  latteT'j  before  beirig  ■welgned,  yjas  carefulj.;>’  cleaned 
with  ether  oT  tl'ic  oTX  In  which  It  vias  kept,  oo  pro^tj-Cc  Iv. 
from  oxidation,  and  stripped  of  the  surfact  oxide  film  on 


tinri  -iV'Oot.,  each  alloy  v,»as  subjectea  to  a  quadxppie  .r-eineo. uxnij, 
The  of  the  melts  was  checked  by  measurting^  the  hara- 

ness  of  the  control  sample  of  titanium  iodide.  This  raethoa 
is" very  sensitive,  since  the  hardness  of  titanium  deper.cts  - 
very  greatly  upon  the  oxygen  and  nitrop;en  content  in  ic  vJj. 

To  obtain  alloys  y^ith  loiij  ianthanum  content 
C  a  binder  {2.^  La)  was  first  prepared,  wnxch  aiter_ 

chemical  analysis  was  then  introduced  into  tne  pm^e  vanacxum 


V 


Ci  V>'  i. 


To  secure  uniform  composifcior-  througnoUh 

...  •!  -n  ^  ^  ^  J.. 


The  chemical  analysis  of  the  alloy 
fable  1.  Some,  alloys  ^"00  ±c  La)  a 


obtained  is  shovu'; 


xr 

n  c.r^rr-.p  al3.o7v's  (up  .to  Wfo  La)  alter  quauruple  u.cj. 


vj  e  re  o  cur  e  c  i  n 


th( 


s-  Q  u  a  r  e  c  v  o  s  s  -  s  e  c  1 1  on 
hearth. 


'•c  furnace  into  molds  for  small  rods  o.t 
(10  X  10  miTi  , )  by  roeans  of  a  spec 


1 


The  alloys  containing  more  than  0.¥/b  La_  oxidizeo.  very 
strono’lv  in"  air.  Hence,  the  samples  were  kept  in  vacuum 
"  Igvs  vrith  a  smaller  lanthanum  content  dia  no-. 


The  a  1 


oxidise  at  room  temperature 


[Text  continues  on  page  4.] 
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Table  1 


Pig'ars  2s  boatinuedj  e)  ls3^  X»a*  3»89^ 


In  the  alloys  containing  less  than  4-5  La, 
Is  observed.  These  alloys  are  tvro-phased  iri 
t]o  traces  of  limiriatiou  were  detected  eitheir^ 
the  macrostructure  and  microstaructure  of  the 
99  <■  5^  hs  • 


no  laaniiistj 
t h"  ca s i.  Si 
In  exainiiiii' 
alloy  with 


Horaogenising  x'-oasting  of  all  the  alloys  in  evacuated 
quarts  ampules  for  100  hours  at  800°  did  not  change  the 
structure  of  the  alloys,  except  for  the  alloy  with  0  .QJf, 
La,  which  became  one -phase  (Pig.  2,b) . 


T'’. 


Thu 


U  V-i 


,  xij  the  vanadium-lanthanum  phase  diagrara  there  i 
a  x\’:lde  ares  of  non-mlscibility  in  the  liquid  and  solid 
Tlie  boundary  of  this  area  on  the  vanadium  side 


xX- 


be  t ’v 


4  and  La,  and  on  the  lanthanum  side  between  93 
La.  The  presence  of  a  cleai"  dividing  line  between  the 
two  layers  after  roasting  indicates  the  absence  of  inter 
dlate  phases  betvjeen  them  (see  Fig.  l)  .  The  roasting  of 


he  cast 


'•-'o'i-  tv^o~ phase  » 


alloys  rich  in  vanadium  resulted  in 
small  inclusions  of  the  second  phas 


jcaguiation  oi 


the  boundaries  of  the  grains  of. the  solid  vanadiura  sclut 
(Pig.  2,  G-f). 


-V'. 


a 


x-jith  0.07% 
larfter  Ian 


comparison  between  the  microstructure  of  the  s 
La  and  those  of  vanadium  and  the  alloy.s  viith 
thanum  content  it  rnav  be  assumed  that  the  soli; 


a  Vi 


Figure  3.  Continued;  e)  0.37^  La  (15000);  f)  0.14^  La  (I6500); 

*  g)  0.37^  La  (1650°);  and  h)  0.4?^  La  (I650O). 

bility  of  lanthanum  is  vanadium  at  room  temperature  is  about 
O.lfi  La.  Roasting  the  alloys  rich  in  vanadium  at  1100°  for 
100’  hours  results  in  a  certain  growth  in  the  grain  and 
further  coagulation  of  the  second  phase.. 

The  investigation  of  the  raicorstructui’e  of  the  alloys 
rich  in  lanthanum  required  special  methods  of  preparing 
slides,  which  were  polished  on  a  cloth  moistened  with  alco¬ 
hol  and  were  photographed  immediately  after  preparation  and 
etching  (1-9  m.inutes)  .  However,  this  did  not  always  produce 
good-quality-,  photos  .  Examination  of  the  microstructure  of 
alloys  rich'  in  lanthanum  did  not  give  positive  results  ox'jln^ 


to  the  presence  in  the  lanthanum  of  admixtures  forming 
eutectic  with  it.  The  structure  of  these  alloys  can  only 
te  Judged  from  the  data  on  tlie  thermal  analysi's  and  tneir 
properties.  ,  ■  ' 

To  cIg te'rmi i.e  the  xxmixt  ox  soi-uxo.  x.l  cy  of  't.icii.iUu'i 

, ,, , .-s  ^  ■! n  v-,^  -1  ■” Vi c‘\  !  .''1  5a  T  X'  r^O '^1  w O  tli.l.  C r  OS  L X' U C  C  'jJ-i ' cl  X  •  Crt  t  X  y  »c  X 
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At  these  temperatures  the  alloys  with  larger  lanthanum 
content  were  two-phased.  The  microstructural_ phase ^ana¬ 
lysis  data  Indicate  an  increase  in  the  solubility  of  lan- 
tisanura  in.  vaTiSdium  vjith  increase  m  tempera t ixre  . 

■  TPIERMAL  AiiALYSIS  ' 

The  maltiny  point  of  the  refractory  alloys  rich  in^vana- 

rliuK  was  ..tetexunined  by  the  d;r-op  method  with  .^^2.  i 

ooticel  oyrot;ete.r  in  a  vacuum  on  the  above-ment-ionea  insxax- 
lation.  '  The  samples  were  heated  by  passing  a  current  cni*oug 
them  from  an  0311-40  transformer.  -Tlie  pyrometer  was  grao- 
xxated  under  like-type  conditions  by  melting  poinus  ox  ,tne^  ___ 
Di-re  iriOtals  (-nicVcel.  titanium  and  g.lrconiura)  .  Toe  iric-xpxenx 
fusion  point  v?as  -fixed  by  the  appearance  of  a  drop  in  tne 
deoressio-n  of  the  sample  D/h  ^-'1/4),  tne  ena  tempera  cure  Ox 
fusion  at  the  moroent  o.f  the  b.roakirig  of  conract  :u'i  tne  meic- 
ing  of  the  samples  at  the  place  of  weake-ned  sect'xon.  Tne 
thermal  .analya-is  data  are  given  in  Table  1. 


XIi;i  Ui 

Lhermi": 


The  Introduction  of  up  to  0.4/b  lavjtha'nuxii  into  the  va'na 
oiuiT.  -nesults  iri  a  sharp  lowering  of  the  incipient  fusion^ 
•ohunt  of  alloys  (from  1880  to  l680°)>  Further  increase  in 
the  j anthanum  co-ntent  does  not  cha'nge  this.  The 
the  stolidus  curve  corresponds  to  the  p.ximum  solubility  oi. 
lantha,r.um  in  vanadium  at  loBO"^ .  The  liq-uicius  I'lne  also 
drooG  with  increase  in  lanthaTJurn  co-ntentj  arict  at  a  coiiteux^ 
of  4  to  Kw  .I.a  the  melting  point  is  lS80°,  which  correspo-nas 
to  their’Taonotectic  equilibrium.' 

The  thermal  analysis  of  the  alloys  rich  in  lanthanum  wuS 


done  on  a  Kurnakov  with  the  use  of  a  standard 

platinum-DlatlnorhoriiuiTi  thermocouple  in  evacuated  quartz 
amoules  (“see  Table  l) .  The  alloys  were  cut  up  into  small 


ampules  (see  Table  l) .  The  alloys  were  cut  up  into 
pieces  and  put  Ir.to  the  quartz  ampules,  from  which  tb 
was  Dumped  cat.  Then  they  were  heated  to  1100°,  v!.hereupon 


only  the  c< -larfdna  melted  in  the  alloys  containing  .trorn^ 
to  La,  while  the  refractory  S  -loinina  (l6B0°)  rerriairse 
in  .the  solid  state'.  The  conversions  undergone  by  the 


lamina  were  recorded  while  coollt 


rate  of  5^  a  minute 


Two  bends  are  observed  on  each  of  the  cooling  curves  ^od- 
talned,  v<hich  were  x'eco.rded  not  less  than  two  titnes  for  each 
alloy.  The  first  bend  on  the  cooling  curve  for  pure  Ian- 
thavium,  at  885°,  corresponds  to  its  melting  _point .  _  For  all 
the  alloys,  the  first  berjci  is  observed  at  o90°,  which  appar¬ 
ently  corresponds  to  the  I'cr-rnatlon  of  a  solid  laritnanum 
soTu^on  by  anatectic  reaction.  The  second  bend.,  observed 
01-!  the  cooling  curve  of  lanthanum  of  the  given  degree  of 
purity  at  678°,  corresponds  to  Its  polyraorphous  convers-ion, 
which"  coincides  with  the  data  in  the  literature  _(1)* 
allo'^3  containing  frora  30  to  95^  IjSj  the  second  bend  is  de¬ 
tected  at  700°;  in  alloys  with  0.5/^  V  the  beginning  of  the 
bend  of  the  curve  is  at  68p”,  the  end  at  700°'.  Tnese  tern- 
nsratures  correEpond  to  the  conversion  in  the  soiia  stats  Oi 
the  cubic  face -centered  lattice  of  the  p -3olid_  larichcp'iuni 
solution  into  the  hexagonal  lat'^ice  of  the  -so.i.id  solution 
by  anatectic  reaction;  if  ■+  -p  ,  Thus,  the  vanadium 

raises  the  temperature  of  the  polymorphous  coirverslon  of_ 
the  lanthanum  by  25”.,  3ncl  the  melting  point  by^5  •  iovv’~ 

temperature  conversion  of  lanthanum,  (about  pOo  ) ,  wlii.^a 
takes  place  according  to  the  literature  data  (2,  3).*  'was  not 
detected  by  us. 

ivECHANICAL  PROPERTIES 

Figure  *!•  shows  the  data  on  hard■ae^3S  and  plasticity  ox 
roasted  alloys  under’  compression.  Small  additions  of  ian- 
thariim  produce  an  increase  in  the  hardness  of  alloys  owing 
to  the  formation  of  a  solid  solution  and  then  a  dispersion 
secretion  of  the  second  phase.  Here^the  plasticity,  remain- 
i  n g  c on  s  t b x'l t  in  t h o  1  *1  nii t  s  of  t no  solid  s o  1  u 1 1  o ( 0 . 1  /i?  La.  j  j, 
diminishes  sharply  with  the  appearance  of  the  second^  phase 
in  the  alloys,  clearly  confirming  the  limit  of  solubility  of 
lanthanum  in  vanadium  detected  by  microstructural  phase  ana¬ 
lysis.  With  a  further  increase  in  the  lanthanum  content,  tne 
ha'-dness  gradually  diminishes,  and  the  plasticity  increases, 
which  is  apparently  to  be  explained  by  the  increase  in  tne 
quantity  of  the  softer  second  phase  . 
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